INTRODUCTION
============

Perioperative management and recent advances in surgical techniques for pancreatectomies have provided improved patient outcomes.[@B1][@B2] Although the mortality rate has remarkably decreased, the postoperative morbidity rate is still high compared to other gastrointestinal surgeries.[@B3][@B4] Furthermore, patients with peri-pancreatic malignancies or accompanying pancreatic injury due to pancreatic juice obstruction, have low nutritional statuses. Various prognostic nutritional indices (PNIs) have been proposed and Onodera\'s PNI proposed in 1984 has often been applied in the field of gastrointestinal surgeries in Japan to predict operative risk.[@B5][@B6][@B7][@B8][@B9] In Onodera\'s PNI, less than 40 or 45 indicates the severity of a patient\'s status and their complications after surgery[@B6] however, the clinical significance of this index in pancreatectomies has not yet been fully elucidated. We hypothesized that Onodera\'s PNI was closely related to perioperative patient demographics, surgical data, and short-term outcomes.

The aim of the present study was to determine the predictive significance of the PNI on the outcomes of patients with various diseases after pancreaticoduodenectomy (PD) or distal pancreatectomy. The relationship between the PNI and clinicopathological factors, surgical data, and post-pancreatectomy complications in 323 consecutively selected patients who underwent elective pancreatectomies at two academic institutes, performed by the first author between 1995 and 2018 was investigated.

PATIENTS AND METHODS
====================

Patients
--------

The clinical records of 222 consecutively selected patients undergoing pancreatectomies at the Department of Surgical Oncology at the University of Nagasaki School of Biomedical Sciences between 1995 and March 2015, and 101 patients at the Division of Hepato-biliary-pancreas Surgery, Department of Surgery at the University of Miyazaki Faculty of Medicine between April 2015 and March 2018 were collected. The patients\' in-hospital data was also collected during follow-up periods. There were no patient selection or matching criteria and all patients were enrolled in the present study. Informed consent for data collection and the use of hemostatic devices was obtained from each patient prior to enrollment. The study design was approved by the ethics review board at our institution. Data were retrieved from both anesthetic and patient charts for our database. On the basis of the Declaration of Helsinki 2013, the study design was approved by the Ethics Committees of both the Nagasaki University Hospital (\#18082008 on August 21, 2018) and the University of Miyazaki Faculty of Medicine (\#O-0341 on May 16, 2018). Informed consent was obtained by an opt-out procedure at each institute for approximately one month according to the planning documents of the study. There was no financial support or conflict of interest regarding the present study.

The mean age for patients at the time of surgery was 65.9±12.4 years (range, 14--87 years). The study included 202 males and 121 females. Accompanying main pancreatic duct obstruction or chronic pancreatitis was present in 99 patients (31%), fatty soft pancreas in nine (3%), and normal pancreas in 215 patients (67%). Diseases included pancreatic carcinoma (PC) in 123 patients (38%), bile duct carcinoma (BC) in 59 (18%), intraductal papillary mucin-producing neoplasms including carcinoma in 41 (13%), ampullary carcinoma in 33 (10%), gallbladder carcinoma in five (1%), duodenal malignancies in 13 (4%), neuroendocrine neoplasms in nine (3%), and other diseases in 11 patients (3%). The procedures performed included PD (n=229, 71%), distal pancreatectomy (n=76, 24%), and other pancreatic resections were performed in 18 patients (5%). Pancreaticojejunostomy was performed in 204 patients and pancreaticogastrostomy was performed in 25 patients undergoing PD. Combined resections of adjacent major vessels were performed in 16 patients (5%). Radical pancreatectomy was performed to remove hepatic tumors without leaving any residual tumor in patients with malignancies.

Operative indications, evaluated parameters, surgical procedures
----------------------------------------------------------------

The indications for pancreatectomy and the types of surgical procedures were determined according to the tumor locations. We examined preoperative clinical parameters, operative procedures, surgical records, and postoperative morbidities. We performed resections using electrocautery, vessel sealing devices, or ultrasonic coagulation devices. Harmonic ultrasonic surgical devices were used for the transections (Ehicon Endo-Surgery Inc., Cincinnati, OH) or Sonosurg (Olympus, Tokyo, Japan). Pancreatectomies were performed by two attending surgeons for 243 operations and resident training surgeons in 80 cases. In the case of trainees, quality control of the operation was provided by attending surgeons. Autologous blood transfusions were not used in any patients in the present study. Intraoperative blood transfusions with red blood cells were performed when unstable vital signs or hemoglobin values of less than 9.0 mg/dl were observed. Onodera\'s PNI was calculated using the formula as follows: 10×serum albumin value (g/dl)+0.005×total lymphocyte count (/mm^3^) in peripheral blood.

Statistical analysis
--------------------

Chi-squared tests were used to compare categorical variables. Differences between the groups were analyzed by Fisher\'s exact tests and Scheffe\'s multiple comparison tests. All continuous data were expressed as mean±SD. Data for the different groups were compared using one-way analysis of variance and examined by Student\'s t-test. Logistic regression analysis was performed to determine the predictive value of the risk factors. Potentially predictive variables were identified using a significance level of *p*\<0.10 by univariate analysis and the identified factors were then entered into logistic regression multivariate analysis. A two-tailed *p*\<0.05 was considered significant. PASW Statistics 18.0.0 for Windows (SPSS Inc., IBM, Chicago, IL) was used for all statistical analyses.

RESULTS
=======

Patient demographics, laboratory data, surgical data, and outcomes
------------------------------------------------------------------

When accompanied by complications or habits, diabetes was observed in 91 patients (28%), hypertension in 100 (31%), cardiovascular diseases in 20 (6%), respiratory disease in 11 (3%), cerebral disease in five (2%), and renal disease in seven (2%). Smoking habits were observed in 128 patients (37%), heavy drinking in 136 (42%), and a history of pancreatitis in 62 patients (19%). The pancreatic function diagnostic test (BT-PABA) showed 60±19 percent. In preoperative laboratory data, the hemoglobin levels were 12±2 g/dl, platelet counts 95±113×10^4^/µl, prothrombin activity 95±17%, creatinine 0.9±0.8 mg/dl, total protein 6.8±0.7 g/dl, albumin 3.9±0.5 g/dl, total bilirubin 1.8±5.6 mg/dl, alkaline phosphatase 441±445 IU/L, choline esterase 231±96 IU/L, amylase 140±205 IU/L, total cholesterol 180±53 mg/dl, blood sugar 116±43 mg/dl, and the hemoglobin A~1C~ was 5.9±1.1 percent. The PNIs were 39.2±5.4. The prevalence of PNIs less than 40 was observed in 134 patients (44%).

The mean blood loss was 1198±920 ml (range, 10--6600 ml) and the mean red cell blood transfusion was 350±653 ml (maximum range, 4150 ml), and transfusions were performed in 107 patients (35%). The mean operative time was 559±187 minutes (range, 167--1265 minutes). Soft normal architecture of the pancreatic parenchyma was observed in 215 patients (67%), accompanying pancreatitis in 99 (31%), and fatty or fragile pancreases in nine (2%). Dilatation of the main pancreatic duct was observed in 99 patients (29%). Extended lymphadenectomies were performed in 256 patients (79%).

The mean duration between surgery and oral intake was 13±13 days (range, 2--95 days). The decrease in body weight between surgery and hospital discharge was 3.4±2.8 kg. Within 28 postoperative days, the lowest total protein and albumin levels were 5.1±0.7 and 2.7±0.5 g/dl, respectively. The lowest choline esterase and total cholesterol levels were 127±69 IU/L and 109±36 mg/dl, respectively. The highest total bilirubin and amylase levels were 2.2±2.4 mg/dl and 280±477 IU/L, respectively. Postoperative complications were observed in 166 patients (52%), which included pancreatic fistula Grade B or C by the International Study Group (ISGPS) definition[@B10] in 60 patients (19%), intra-abdominal infections in 76 (14%), wound infections in 10 (3%), delayed gastric emptying[@B11] in 32 (10%), intra-abdominal hemorrhages in 10 (3%), increased ascites in 31 (10%), intestinal anastomotic leakage in seven (2%), and other complications in 51 patients (16%). Postoperative hospital deaths occurred in four patients.

Comparison of the pancreatic architecture, laboratory data, and postoperative morbidity are shown in [Table 1](#T1){ref-type="table"}. In laboratory data, choline esterase levels in the fatty and fragile pancreas group were significantly higher than in the other two groups (*p*\<0.01). Preoperative serum amylase levels in the hard pancreas group were higher than in the normal pancreas group (*p*\<0.01). The PNIs were not significantly different between the groups. Postoperative laboratory data was not significantly different between the groups. The prevalence of severe grade pancreatic fistulas, related intra-abdominal infections, and abdominal bleeding due to pseudo-aneurysms was significantly higher in the fatty and fragile pancreas group (*p*\<0.05).

Relationship between PNIs and other parameters
----------------------------------------------

The relationship or correlation between the PNIs and clinical factors, laboratory data, surgical data, and patient outcomes are shown in [Table 2](#T2){ref-type="table"}. The PNIs were significantly negatively correlated with higher age (*p*\<0.01), but not gender. In preoperative co-morbidity and habits, there was no significant difference in the PNIs. In the preoperative laboratory data, the PNIs were significantly correlated with hemoglobin, prothrombin activity, choline esterase levels, total protein and albumin levels, and total cholesterol levels (*p*\<0.01). In patients undergoing PD, the PNIs were significantly higher than in patients with other pancreatectomies (*p*\<0.05). In the postoperative laboratory data, the PNIs were significantly correlated with total protein and albumin levels (*p*\<0.05). Although the preoperative PNIs tended to be lower in patients with postoperative complications, this was not significantly different in the absence or presence of each complication.

DISCUSSION
==========

Preoperative poor nutritional status has been related to operative risk with respect to increased morbidity rates in digestive surgeries.[@B12][@B13][@B14] Therefore, we attempted to improve the nutritional status by monitoring nutritional parameters, calorie increases, and the administration of enteral nutritional products. The comprehensive index or parameters to evaluate nutrition or predict operative risks have been reported worldwide.[@B5][@B6][@B7][@B8][@B9][@B15][@B16] The PNI was first proposed by Lowe[@B5] and subsequently, Onodera et al.[@B6] proposed a modified PNI in a Japanese patient series. These PNIs well-reflected the patient risk with respect to morbidity or mortality in gastrointestinal surgery.[@B6][@B7][@B8][@B9] Pancreatectomy, particularly PD, is a high-risk operation compared to gastrectomies or colectomies because of its increased invasiveness.[@B3][@B4] Mortality and morbidity were still important concerns in some patients. Furthermore, patients with malignant diseases who undergo pancreatectomies often show poor nutritional statuses due to decreased exocrine or endocrine functions, obstructive jaundice, or advances of the malignant behavior of the disease itself.[@B17] To our knowledge, the relationship between the nutritional status or its management and postoperative outcomes after pancreatectomy has not been examined. The PNI can be calculated with a simple formula using albumin and the total lymphocyte count.[@B6] Postoperatively, alterations in nutritional status or in the PNIs have been associated with complications or administrative costs.[@B18][@B19][@B20][@B21] Recent improvements in the operative results of patients undergoing liver or pancreatic surgery might be caused by better nutritional management.[@B21] Scoring systems reflecting the clinical significance have not yet been applied. To achieve successful results for such patients, preoperative nutritional management is often required.

In the present study, we first examined the nutritional parameters or postoperative complications in each pancreatic architecture enhanced by duct obstruction or obesity. In previous studies, a soft pancreas or small pancreatic duct size was significantly associated with pancreatic fistula.[@B22] Furthermore, in our experience, a fatty pancreas with fragility was associated with a higher risk of fistulas. Higher choline esterase levels correlated with fatty changes, and an excessive nutritional status might enhance such a condition. Preoperative pancreatic inflammation correlated with preoperative amylase levels. Otherwise, there were no remarkable differences in the parameters between the groups. Thus, it is still difficult to evaluate the status of the pancreatic architecture form the preoperative blood parameters, including the PNIs. Contrary to previous reports,[@B22][@B23] there was no difference in morbidity between patients with a normal soft pancreas and those with a hard pancreas with chronic inflammation in our series. However, fatty changes of the pancreas increased the morbidity risk.

To determine the clinical significance of the PNI results, we next examined the correlation between demographics, surgical data, and postoperative outcomes, although such a correlation could not be fully conducted. Younger age was correlated with higher PNIs, as expected. Contrary to our expectation, the PNIs in patients with or without diabetes, alcoholism, and pancreatitis were not different, and the mean value of the PNI was set near 39, a value similar to the cut-off level of PNIs for postoperative morbidity in gastrointestinal surgeries in previous reports.[@B7][@B8][@B9] Preoperative PNIs correlated with other nutritional parameters. however, the PNIs were not correlated with serum amylase levels reflective of pancreatic inflammation. Thus, prediction of the pancreatic architecture and related surgical data were difficult by these nutritional parameters. Shi et al.[@B18] reported that impaired glucose tolerance levels and decreased albumin levels were associated with morbidity. If postoperative functional parameters are correlated with preoperative data, the preoperative function is supposed to predict the postoperative function and related complications. The study results showed that only total protein and albumin levels were correlated with the PNIs. Decreased levels of these parameters were not associated with morbidity (data was not shown). The PNI levels between each complication were not different however, the presence of comprehensive complications tended to show lower preoperative PNIs (less than 39). As in previous reports, a cut-off level of PNI 40 was reasonable to predict operative risk however, the clinical significance level was not high and establishment as a predictive factor was difficult. Therefore, use of the new or modified prognostic nutritional index for pancreatectomy only should be the next step.

In conclusion, we examined the preoperative PNI levels and association with other demographics, nutritional or organ parameters, surgical data, and postoperative complications in a retrospective analysis using the clinical records of 323 patients who underwent elective pancreatectomies for peripancreatic diseases at two academic cancer institutes. The PNIs were not associated with pancreatic architecture, known to be associated with postoperative complications. The PNIs correlated with preoperative metabolic parameters and postoperative protein and albumin levels but were not different in the presence or absence of each complication. Use of a more sensitive PNI using the modified formula specific to pancreatic surgery is necessary.

###### Laboratory data and complications in 323 patients
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###### Relationship between PNIs and clinico-pathological parameters
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